Objective To investigate the long-term consequences of prenatal exposure to maternal hyperemesis gravidarum upon offspring cardiometabolic risk factors.
Introduction
Hyperemesis gravidarum (HG) is a severe form of nausea and vomiting during pregnancy that may lead to dehydration, electrolyte disturbances, and significant weight loss, necessitating hospital admission.
1,2 HG complicates 0.2-3.6% of pregnancies, [3] [4] [5] [6] and may be associated with poor perinatal outcomes, including prematurity and low birthweight. 4 As HG is associated with reduced caloric intake, [7] [8] [9] and weight loss, 10, 11 it is currently one of the few examples of undernutrition during pregnancy in the Western world.
There is a large body of evidence suggesting that undernutrition during pregnancy has negative consequences for the health of offspring later in life. 12 Poor nutrition during pregnancy is associated with an increased risk of obesity, impaired glucose tolerance, and increased risk of cardiovascular disease among offspring. [12] [13] [14] [15] Long-term follow-up in adults born around the time of the Dutch famine during World War II showed that those exposed to famine during early gestation had a more atherogenic lipid profile, disturbed blood coagulation, and a higher incidence of coronary artery disease, with earlier onset. 16, 17 As HG might cause maternal undernutrition, similar health effects for the offspring may be expected.
To date, only a few studies have assessed cardiometabolic health effects of prenatal exposure to HG in prepubertal offspring. 4, 18, 19 Following a case-control study, Ayyavoo et al. 18 reported that healthy prepubertal adolescents born to severely hyperemetic mothers (defined as hospitalisation for HG with electrolyte abnormalities) had reduced insulin sensitivity. Grooten et al. 20 showed that offspring born to mothers who suffered from severe weight loss (>5 kg weight loss) during pregnancy, usually occurring as a manifestation of HG, have higher diastolic blood pressure at the age of 5 years in comparison with offspring born to mothers who did not suffer from severe weight loss. Furthermore, there are indications that maternal undernutrition during early gestation can provoke fetal programming of metabolism. 21, 22 For HG, it may be that offspring are exposed to nutritional stress in utero during early gestation, a period hypothesised to be essential for cardiometabolic function in the offspring, leading to programmed metabolic changes later in life.
The findings of Ayyavoo et al. and Grooten et al. have prompted us to further investigate long-term consequences of HG on offspring health. 18, 20 The Northern Finland Birth Cohort 1986 (NFBC1986) is a large, prospective population-based cohort with long-term follow-up and information about HG during pregnancy. Therefore, this cohort gave us a unique opportunity to evaluate whether HG negatively affects cardiometabolic risk profile in 16-year-old adolescents.
Methods

Study population
The NFBC1986 recruited women in the provinces of Oulu and Lapland with an expected date of delivery between 1 July 1985 and 30 June 1986. 23 In total, 9362 mothers were included and 9479 babies were born. The NFBC1986 data were gathered prospectively at the first antenatal clinic visit and onwards (with a mean gestational age at inclusion of 12 weeks). Women provided information on maternal background via structured self-reporting questionnaires, whereas data on antenatal visits, hospital admissions, and birth outcomes were obtained from maternity health centres and hospital medical records. 24 The cohort was followed-up in 2002 when the offspring reached the age of 16 years. The follow-up focused on offspring health and wellbeing. Adolescents and their parents gave informed consent to use their data for scientific research. We included only liveborn singleton pregnancies. A flow chart of participant selection can be found in Figure 1 . 26 demonstrated that ICD codes in the birth register of another Scandinavian country can be considered valid for the diagnoses of mild HG in registry-based research.
Definition of HG
Outcome measures
Maternal and child characteristics Information on smoking during pregnancy, self-reported maternal pre-pregnancy height (cm) and weight (kg), highest maternal education attainment, and parity were obtained through questionnaires. Information on maternal age (years), weight at antenatal visits, hypertensive disorders during pregnancy (chronic hypertension, defined as a blood pressure of ≥140 or 90 mmHg before 20 weeks of gestation, or the use of antihypertensive medication at the beginning of pregnancy; gestational hypertension, defined as a blood pressure of ≥140 or 90 mmHg after 20 weeks of gestation; and pre-eclampsia, defined as a blood pressure of ≥140 or 90 mmHg and a positive urinary protein dipstick test), 27 offspring sex, birthweight (g), gestational age (weeks), Apgar score (5 minutes), and prematurity (<37 weeks) was obtained from medical records.
Adolescent follow-up
At the age of 16 years, all participants underwent physical examinations assessing their cardiometabolic risk profile. The measurements performed have been extensively described elsewhere. 28 In brief, examinations took place in municipal health centres by trained nurses and laboratory analysts. Systolic and diastolic blood pressure (mmHg) was measured from the right arm after 15 minutes of rest, with the child sitting upright, using an automatic oscillometric device (Omron 705CP) or, if this failed, a mercury sphygmomanometer. Two measurements were taken 2 minutes apart from each other; if one failed, a third measurement was taken. The average of two measurements was used. Body weight was measured wearing only underwear using a calibrated scale to the nearest 0.1 kg. Height was recorded to one decimal (cm). Blood samples were collected between 8:00 am and 11:00 am after an overnight fast. All samples were analysed at Oulu University Hospital laboratory. Analyses of plasma glucose, serum total cholesterol, highdensity lipoprotein (HDL)/low-density lipoprotein (LDL) cholesterols, and triglycerides were conducted within 24 hours using a Cobas Integra 700 automatic analyser (Roche Diagnostics, Basel, Switzerland).
Samples for serum insulin were stored at À20°C and analysed within 7 days using radioimmunoassay (Pharmacia Diagnostics, Uppsala, Sweden). 27 To assess insulin resistance, homeostasis model assessment values for insulin resistance (HOMA-IR) were calculated from fasting glucose and insulin levels. 29 
Data analysis
Chi-square, Mann-Whitney U tests, and independent Student's t tests were used to compare the baseline characteristics of women with and without HG. Blood pressure, anthropometric measures, blood glucose and lipid profiles 
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ª 2017 Royal College of Obstetricians and Gynaecologists in offspring were analysed using multivariate linear regression. Variables that were not normally distributed were presented in median and interquartile range (IQR), and were logarithmically transformed to achieve normality. Logarithmic transformed variables were back-transformed and reported in proportionate differences and 95% confidence intervals (95% CIs, expressed as percentages); normally distributed variables were reported in differences (b) and 95% CIs. We adjusted for sex (model 1), followed by gestational age at birth, birthweight, and maternal smoking during pregnancy (model 2). In model 3, further adjustments were made for highest maternal education (as a proxy for socio-economic status) and adolescent BMI. The order of the models was chosen to first approximate a crude model, followed by adjustments for possible confounding effects of pregnancy and birth outcomes, and finally adjustments for possible mediating factors later in life in order to shed light on the causal chain of events.
To investigate the consequences of weight loss in early pregnancy, weight gain was calculated based on pre-pregnancy weight and weight at first antenatal visit. A cut-off of more than 5% weight loss was chosen compared with pre-pregnancy weight, as this has been previously used as a cut-off for clinically significant weight loss in HG. 2, 11 Multivariate linear regression analysis was performed and adjusted for models 1, 2, and 3, respectively. We additionally adjusted for gestational age difference at first antenatal visit.
Missing values were estimated by multiple imputation. In total, 2.9% of the variables of interest were missing: 19.4% for Apgar score at 5 minutes, 13.4% for maternal education, and 5.9% for glucose of the offspring, and less than 4% for the remaining variables. Missing values were imputed using the fully conditional specification (FCS) method to create five imputed data sets. Little's MCAR test was significant (P < 0.001), indicating that values were not missing completely at random (MCAR), and the imputation was carried out under the missing at random (MAR) assumption that missing data are related to other observed variables. There were no significant differences in distributions of the outcomes and covariates between the original data and pooled imputed data (Table S1) . 30 All analyses were performed using SPSS version 22.0 for Windows (IBM Corp., Armonk, NY, USA).
Results
Participants
At baseline, 8953 mothers and children were included in the present study. Of these, 62 women had been admitted to the hospital for HG (0.7%). At follow-up, physical examination data were available for 6462 adolescents, of whom 42 were born to mothers who had been hospitalised for HG. Fasting blood samples were available for 5648 adolescents, of whom 36 were born to mothers who had been hospitalised for HG. The follow-up participation rates among offspring that were born to mothers who had been hospitalised for HG (68%) and offspring that were born to mothers who had not been hospitalised for HG (72%) did not differ significantly.
Baseline characteristics and birth outcomes Table 1 shows characteristics and birth outcomes of participants who were and were not admitted to the hospital for Hyperemesis gravidarum and cardiometabolic health in offspring Table 2 shows baseline characteristics for adolescent offspring and crude analyses of anthropometric outcome measures, blood pressure, and laboratory results. We found no differences between offspring born to mothers with and without hospital admission for HG. Offspring BMI, blood pressure, glucose, lipids, and HOMA-IR did not differ according to maternal HG status. Adjustments for factors associated with anthropometric outcome measures, blood pressure, and laboratory results (sex, gestational age at birth, birthweight, and offspring BMI), and possible maternal confounding effects (maternal smoking during pregnancy and maternal education) did not alter the results, as demonstrated in Table 3 . Further sensitivity analyses with stratification for sex and complete case analyses did not show any difference in any of the outcome measures between offspring born to mothers who had and had not been admitted for HG (results not shown).
Maternal weight loss in early pregnancy and cardiometabolic health in offspring
Only eight women suffered from both HG and >5% weight loss. Therefore, we assessed the effect of maternal weight loss in early pregnancy on offspring cardiometabolic health regardless of HG diagnosis. At follow-up, physical examination data of 38 adolescents and fasting blood samples of 30 adolescents born to mothers who lost more than 5% weight during early pregnancy were available. Crude analyses showed that offspring born to mothers with <5% weight loss were significantly taller compared with offspring born to mothers with >5% weight loss (169.3 AE 8.4 versus 165.8 AE 8.4 cm; P = 0.01). For all other outcome measures, including BMI, blood pressure, glucose, lipids, and HOMA-IR, crude analyses showed similar results for offspring born to mothers with and without 5% weight loss, as shown in Table S2 . Adjustments for gestational age at first antenatal visit, sex, gestational age at birth, birthweight, maternal smoking during pregnancy, and maternal education and BMI showed no differences between the two groups for all outcome measures, including height (adjustments not shown in supplement). The consequences of total gestational weight gain could not be reliably assessed as maternal weight was not measured in late gestation.
Discussion
Main findings
To our knowledge, this is the first study to report on longterm consequences of HG evaluating cardiometabolic risk factors of offspring at age 16 years. We were unable to detect any differences in blood pressure, BMI, fasting glucose, and lipid levels in adolescent offspring born to mothers who had or had not been admitted to the hospital for HG. Our findings do not support previous findings suggesting that offspring born to mothers with HG had poorer cardiometabolic health compared with offspring of mothers without HG. 18, 20 Our present results also contrast with previous findings showing that prenatal undernutrition negatively affects offspring cardiometabolic health. 12, 14, 15, 31 
Strengths and limitations
This study was embedded in a large population-based cohort with prospective data collection. At the time of participant selection nearly all pregnant women in Finland received free antenatal care, making sampling bias unlikely. The physical examination of adolescents was performed by trained nurses, which enhances the accuracy of the measurements. The prevalence of HG in this cohort (0.7%) is similar to the prevalence of 0.89% found in a large Norwegian registrybased cohort study described by Vikanes et al. 5 This is relatively low when compared with other literature reporting prevalences of 0.8-3.6% in similarly defined registry studies. [3] [4] [5] [6] A possible explanation could be stricter criteria for hospital admission (we only had data for inpatient treatments), but there has only recently been a move towards outpatient treatment of HG, 32 and it is likely that in 1986 all HG patients were admitted to hospital. Furthermore, nearly all participants were of Finnish ethnicity, reflecting the population of Finland at that time, whereas HG seems to occur more often in women of non-Western ethnicity. 5 Underdiagnoses might also have occurred when women who were admitted to the hospital for more than one reason did not receive multiple ICD codes. Unfortunately, because of the small sample of HG patients our analyses had limited power. Based on calculations using NQUERY ADVISOR 7.0 (Statistical Solutions, Cork, Ireland), assuming a power of 80%, we could have detected a difference of 9 mmHg for systolic blood pressure, a difference of 2.3 kg/m 2 for BMI, and a difference of 0.29 mmol/l for fasting glucose. We were therefore unable to show more subtle differences, which might have been important as we know blood pressure tracks from childhood into adulthood. 33 
Interpretation
There are several methodological issues that need to be considered in the interpretation of our findings. First of all, cases were selected based on the ICD-8 code for HG. No further information about HG severity, such as ketonuria or electrolyte disturbances, was available. Unfortunately, no information about the duration of symptoms was available, and gestational age at admission was not reliably linked to the onset of HG, and was therefore not used. Unlike other studies reporting on HG, 2, 11, 34 in our study only a small percentage of women (12.9%) suffered from significant weight loss, suggesting that we studied a group of women with relatively mild HG. Disease severity might also explain the inconsistencies between our study results and those of Ayyavoo et al. and Grooten et al. 18, 20 In the study of Ayyavoo et al. inclusion criteria were severe HG and electrolyte disturbances, and Grooten et al. included women with early pregnancy weight loss of >5 kg. The present study is not the first study to relate disease severity to HG and offspring outcome. Dodds et al. 1 found that offspring of mothers with HG who gained less than 7 kg during their pregnancy were at greater risk of having low birthweights and preterm delivery, compared with offspring born to mothers with HG and ≥7 kg weight gain during pregnancy. It may be that severe HG, complicated by weight loss and/or electrolyte disturbances, causes long-term health effects in offspring, but it is likely that mild HG, as may be the case in this study, has no consequences for the cardiometabolic health of offspring.
Furthermore, the age of follow-up (16 years) needs to be considered. There is some evidence that the association between birthweight and blood pressure is apparent in children and adults, but that this association can be obscured by hormonal perturbations in puberty. [35] [36] [37] It might be that mild offspring cardiometabolic consequences of HG are not detectable during puberty, but can be found earlier or later in life.
Conclusion
We were unable to confirm that hospital admission for HG is associated with adverse cardiometabolic risk factors in offspring at 16 years of age. Within the limits of our study, we conclude that in women with mild HG, large clinical effects on the cardiometabolic health of adolescent offspring are unlikely, but more subtle effects on long-term health cannot be excluded. Therefore, further large-scale studies with long-term follow-up are needed.
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